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Medicinal plants are the important source of potentially useful chemotherapeutic agents
which have made enormous contributions to human health and well-being. The meth-
anolic extract of leaves of Eucalyptus tereticornis for antibacterial activity against the bac-
terial strain Escherichia coli was investigated. Response surface methodology (RSM) using
central composite design (CCD) was adopted to optimize the effect of process variables.
The optimum conditions for maximum antibacterial activity (zones of inhibition, mm)
were found out to be E. tereticornis extract i.e., Limonene, 3 mL; 1, 8-Cineole, 11 mL; Terpinen-
4-ol, 15 mL; pH, 7.0 and temperature, 40 C. The results suggest that the organic (methanol)
extract of E. tereticornis could be a possible source to obtain new and effective herbal
medicines to combat infections caused by multi-drug resistant microbial strains from
community and hospital settings.
Copyright © 2016, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The development of multiple drug resistant pathogens has
diverted the attention of scientific community to search out
new compounds with strong antimicrobial potential (Ashraf,
Sarfraz, Rashid, & Shahid, 2015; Fazal & Rauf, 2015). Reports
have shown that about 50,000 people die in the world per day
due to infectious diseases mainly caused by Candida albicans,om (S. Che).
gyptian Society of Radiat
iety of Radiation Sciences
cense (http://creativecomEscherichia coli, Pseudomonas aeruginosa and Staphylococcus
aureus. More than 80% of the world's population in the
developing countries like Pakistan relies on plant-derived
antimicrobial medicines to ensure safety of the treatment
and minimize the risk of antimicrobial drug resistance in
bacteria (Ahmad & Beg, 2001). A large number of studies have
confirmed the potential efficacy of plant extracts against
various bacterial and fungal pathogens. The broad range of
microbial susceptibilities indicates the effectiveness of plantion Sciences and Applications.
and Applications. Production and hosting by Elsevier B.V. This is an
mons.org/licenses/by-nc-nd/4.0/).
J o u rn a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 9 ( 2 0 1 6 ) 3 7 6e3 8 5 377extracts for medicinal purposes as well as food additives to
prevent spoilage. However, studies particularly on toxicity
evaluation are needed to assess the suitability of these ex-
tracts for multipurpose functional uses (Fawad, Myaddad-ur-
Rehamn, & Khan, 2012). According to World Health Organi-
zation (WHO), about 20,000 plant species have been reported
to shown therapeutic potential (Ashraf et al., 2015), that may
be attributed to the bioactive compounds synthesized during
the secondary metabolism of plants (Fazal & Rauf, 2015).
Eucalyptus is a diverse genus of trees belonging to the Myr-
taceae family and comprises about 800 species (Ogunwande,
Olawore, Adeleke, Ekundayo, & Koenig, 2003). More than 300
species of this genus have volatile oils in their leaves; never-
theless less than 20 of these have yet been exploited commer-
cially for the manufacturing of essential oils rich in 1, 8-cineole
that used in the pharmaceutical and cosmetic industries (Brown,
Del Pino, & Krohne, 2002). Leaf extracts of Eucalyptus have been
recognized as natural food preservatives (Takahashi, Nagayama,
&Mori, 2004), andhave also been accepted as potential remedies
for the treatment of many infectious diseases (Bello, Olabanji,
Ibrahim, Yekeen, & Oboh, 2013; Tepe et al., 2004). Though,
studies of its activity against pathogenic microorganisms are
scarce (Bonello et al., 2010), many authors have reported the
chemical composition, antioxidant and antimicrobial activities
of Eucalyptus species (Sartorelli, Marquioreto, Amaral-Baroli,
Lima, & Moreno, 2007). However, geographical distribution and
species variation greatly affect these properties which require
extensive studies to explore the potential of this plant.
Reducing the costs and making the processes economically
viable by optimizing the operational key parameters is the ulti-
mate objective of basic research for industrial applications
(Asgher, Yasmeen,& Iqbal, 2014). Response SurfaceMethodology
(RSM) is a statistical approach that widely used for developing,
improving, and optimizing processes (Demarque et al., 2015;
Hayes et al., 2005), and it determinates more than one factors
at a time at different levels providing optimization results in a
true sense (Rengadurai, Preetha, & Viruthagiri, 2012). Recently, it
has been successfully applied in other scientific fields such as
biology, medicine, and economy for optimization purposes
(Curiel et al., 2004; Demarque et al., 2015). The objective of the
current study was to evaluate the in-vitro antibacterial activity of
methanolic extract of leaves of Eucalyptus tereticornis using RSM.2. Materials and methods
2.1. Collection of plant material
Fresh leaves of E. tereticornis were collected from “The Uni-
versity of Lahore, Pakistan”. The leaves were thoroughly
washed under running tap water and allowed to dry at room
temperature for 2 days. The dried material was crushed into
fine powder in an electric grinder and stored in airtight bottles.
2.2. Extraction
The 50 g of dried leaves powder was thoroughly mixed with
200 mL methanol in triplicate conical flasks. The flasks con-
taining extract were heated on boiling water bath for 1 h,
wrapped with aluminum foil and kept at room temperature for5 dayswith occasional shaking. After stipulated time, the liquid
extract of flasks was transferred to falcon tubes and subjected
to centrifugation at 5000 rpm for 10min. The clear supernatants
from the falcon tubes were shifted to pre-weighed beakers, and
allowed to evaporate the solvent in hot water bath to get dried
methanol free extract of E. tereticornis.
2.3. Test microorganism and inoculum preparation
The bacterial strain E. coli was obtained from the Department
of Microbiology, Pakistan Council of Scientific & Industrial
Research (PCSIR), Laboratories Complex Lahore, and main-
tained on Nutrient agar slants (Oxide) at 4 C. A loop-full cul-
ture of E. coli was inoculated into nutrient broth under sterile
conditions, and incubated at 37 C for 24 h in rotary shaker.
McFarland standard was used as a reference to adjust the
turbidity of bacterial suspension in the range of 1  108 bac-
terial cells/mL, and was maintained throughout the study
(Kachhiya, 2008; Perilla, Ajello, Bopp, Elliott, & Facklam, 2003).
2.4. Antimicrobial assay
The agar disc diffusion method was used to evaluate the
antibacterial potentiality of E. tereticornis plant extract against
E. coli usingMueller Hinton agarmedium (Tenover et al., 1998).
A 100 mL of freshly prepared inoculum (containing 1  108
bacterial cells/mL as perMcFarland standard) was spread onto
the surface of sterile Mueller Hinton agar using sterilized glass
spreader. Filter paper discs of approximately 6 mm in diam-
eter were soaked with 15 mL of the plant extract and placed in
the agar plates. Each disc was pressed down to ensure com-
plete contact with the agar surface and distributed evenly so
that they are no closer than 24 mm from each other, center to
center. The plates were incubated aerobically at 37 C for
16e18 h. After specified time, each plate was examined, and
resulting zones of inhibition (mm) were measured. The
negative and positive controls were also prepared in parallel
with only dimethyl sulfoxide [(DMSO) 4.0%, v/v] and Cipro-
floxacin (50 mg/mL), respectively. Strict aseptic conditions
were followed for carrying out the entire microbial assay.
2.5. Experimental design and statistical analysis
For optimization of antimicrobial activity of E. tereticornis leaf
extracts, an experimental design containing five factors at four
different levels was applied in triplicate under RSMwith central
composite design (CCD). Four different concentrations of E. ter-
eticornis extract i.e., Limonene (3, 4, 5, 6 mL), 1, 8-Cineole (8, 9.5, 11,
12.5 mL), Terpinen-4-ol (14, 15, 16, 17 mL), and pH (5, 6, 7, 8) and
temperature (35, 37.5, 40, 42.5 C) were selected as independent
variables and designated as A, B, C, D and E, respectively (Table
1). A total number of 25 runs (Table 2) were carried out to esti-
mate the coefficients for the optimization of antibacterial ac-
tivity of the selected plant. Upon completion of experiments, the
data was subjected to Analysis of Variance (ANOVA) and three
dimensional response surface plots were constructed using
Design of Experts software (DOE version, 7.1.3, STAT-EASE Inc.,
Minneapolis, USA), that represent the individual and interactive
effects of test variables on the response (antimicrobial activity).
The quality of the fit of this model was expressed by the
Table 1 e The levels and ranges of independent variables
used in the experiment.
Independent
variables
Terms Ranges and levels
of actual values
Limonene (mg/mL) A 3 4 5 6
1,8-Cineole (mg/mL) B 8 9.5 11 12.5
Terpinen-4-ol (mg/mL) C 14 15 16 17
pH D 5 6 7 8
Temperature (C) E 35 37.5 40 42.5
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et al., 2014). After measuring the activity levels, a second order
quadratic polynomial equation (Eq. (1)) was developed using
RSM for the prediction of responses as a function of indepen-
dent variables and their interactions.
Y ¼ aþ b1X1 þ b2X2 þ b3X3 þ b4X4 þ b5X5 (1)
where Y is the predicted response; b1, b2, b3, b4 and b5 are
regression coefficient constants of the developed model and
X1, X2, X3, X4, and X5 represent the independent variables.3. Results and discussion
3.1. Optimization of E. tereticornis extracts
antibacterial activity against E. coli through RSM
Plants are important source of potentially useful structures
for the development of new chemotherapeutic agentsTable 2 e Experimental design for optimization of antibacteria
Runs Limonene (A) 1, 8 Cineole (B)
1 4 9.5
2 5 11
3 4 9.5
4 4 9.5
5 4 9.5
6 5 11
7 3 11
8 4 9.5
9 6 9.5
10 5 8
11 4 9.5
12 3 11
13 4 9.5
14 5 8
15 4 9.5
16 4 9.5
17 4 12.5
18 3 11
19 4 9.5
20 5 11
21 3 8
22 2 9.5
23 5 8
24 5 11
25 4 9.5
26 3 8
27 4 6.5
28 3 8(Ashraf, Bilal, & Iqbal, 2014a; Tona, Kambu, Ngimbi,
Cimanga, & Vlietinck, 1998). A great number of medicinal
plants have been screened and confirmed to possess
remarkable antibacterial activities. Since, multidrug resis-
tance of microorganisms is a major medical concern;
screening of natural products from the ethno-medicinal
plants is of great importance (Ashraf, Bilal, & Iqbal, 2014b;
Zgoda & Porter, 2001). This study involves the evaluation of
methanolic extracts of E. tereticornis for maximum antimi-
crobial activity against E. coli as a result of the interactions
between four variables. The antimicrobial activity was
assayed at four different concentrations of extract of E. ter-
eticornis i.e., Limonene (3, 4, 5, 6 mL), 1, 8-Cineole (8, 9.5, 11,
12.5 mL), Terpinen-4-ol (14, 15, 16, 17 mL), pH (5, 6, 7, 8) and
temperature (35, 37.5, 40, 42.5 C), and results thus, obtained
are presented in Table 3, as zone of inhibition (mm). The
findings showed that all the concentrations of plant extract
were effective against E. coli with different zones of inhibi-
tion. The maximum antimicrobial activity exhibited by the
leaf extracts of E. tereticornis against E. coliwas recorded to be
28.6mm. The optimum conditions were; Limonene, 3 mL; 1, 8-
Cineole, 11 mL; and Terpinen-4-ol, 15 mL; pH 6 and 40 C
temperature. Results in Table 4 revealed that the regressions
for E. coli inhibition were statistically significant since P-
values were <0.05 with larger F-values. The ANOVA for
response surface model was carried out to assess the accu-
racy and quality of the fitted model by the coefficient of
determination R2 values (Table 5). The predicted R2 value
(0.9940) for E. coli was very close to adjusted R2 value (0.9950)
in the present study (Table 5) that indicates satisfactoryl activity of E. tereticornis.
Terpinen-4-ol (C) pH (D) Temperature (E)
16 7 37.5
15 6 40
14 7 37.5
16 7 37.5
16 7 37.5
17 6 35
15 6 35
16 7 42.5
16 7 37.5
17 8 35
14 7 37.5
15 8 40
16 7 37.5
17 6 40
16 7 37.5
16 5 37.5
16 7 37.5
17 6 40
16 7 32.5
17 8 40
17 6 35
16 7 37.5
15 6 35
15 8 35
16 7 37.5
15 8 35
16 7 37.5
15 6 40
Table 3 e Zones of inhibition (mm) produced by E. tereticornis against E. coli.
Runs Limonene 1, 8 Cineole Terpinen-4-ol pH Temperature ZI
1 4 9.5 16 7 37.5 18.5
2 5 11 15 6 40 16.1
3 4 9.5 14 7 37.5 22.4
4 4 9.5 16 7 37.5 12.1
5 4 9.5 16 7 37.5 23.1
6 5 11 17 6 35 17.0
7 3 11 15 6 35 20.2
8 4 9.5 16 7 42.5 13.3
9 6 9.5 16 7 37.5 23.1
10 5 8 17 8 35 23.4
11 4 9.5 14 8 37.5 22.9
12 3 11 15 7 40 28.6
13 4 9.5 16 7 37.5 22.4
14 5 8 17 6 40 14.0
15 4 9.5 16 7 37.5 22.1
16 4 9.5 16 5 37.5 13.8
17 4 12.5 16 7 37.5 22.7
18 3 11 17 6 40 19.2
19 4 9.5 16 7 32.5 18.6
20 5 11 17 8 40 23.0
21 3 8 17 6 35 16.0
22 2 9.5 16 7 37.5 22.9
23 5 8 15 6 35 13.0
24 5 11 15 8 35 13.2
25 4 9.5 16 7 37.5 26.2
26 3 8 15 8 35 24.1
27 4 6.5 16 7 37.5 12.7
28 3 8 15 6 40 20.0
ZI e zone of inhibition in mm.
Table 4 e Estimated regression coefficients for E. coli.
Term Coefficients P-value
Constant 2.70795 0.000
A 0.02917 0.871
B 0.02083 0.908
C 0.0625 0.728
D 1.47083 0.000
E 0.0875 0.628
A2 0.05795 0.722
B2 0.13295 0.42
C2 0.14545 0.379
D2 0.32045 0.069
E2 0.07045 0.666
AB 0.06875 0.755
AC 0.08125 0.713
AD 0.06875 0.755
AE 0.04375 0.842
BC 0.04375 0.842
BD 0.03125 0.887
BE 0.08125 0.713
CD 0.03125 0.887
CE 0.06875 0.755
DE 0.04375 0.842
Table 5 e Analysis of variance (ANOVA) for the quadratic
polynomial model for antibacterial activity of E.
tereticornis.
Source DF Seq SS Adj MS F value P value
Regression 20 56.5273 2.8264 3.83 0.013
Linear 5 52.2287 10.4457 14.14 0
Square 5 3.7373 0.7475 1.01 0.456
Interaction 10 0.5613 0.0561 0.08 1
Residual error 11 8.1277 0.7389
Lack-of-fit 6 7.1944 1.1991 6.42 0.03
Pure error 5 0.9333 0.1867
Total 31 64.655
DF e degree of freedom; Seq SS e sequential sums of squares; Adj
MS e adjusted mean squares.
S ¼ 0.859584; PRESS ¼ 178.327; R-Sq ¼ 0.9943%; R-Sq
(pred) ¼ 0.9940%; R-Sq (adj) ¼ 0.9950.
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values and larger F-values indicate significance effects of the
corresponding coefficients (Zheng & Wang, 2010). The fit of
developed model can be determined from lack of fit values,
which was significant and this condition indicates that the
employed model fitted well to the antibacterial activity of
plant extract data.3.2. Effect of plant extracts
Due to multipurpose functional use, relatively safe status and
extensive acceptance by the consumers, plant extracts and
essential oils are fascinating great interest of Pharmacologist
and traditional healers (Ormancey, Sisalli, & Coutiere, 2001;
Ashraf et al., 2014a, 2014b). In present study, the three
dimensional response surface plots were constructed to study
the interactions among various factors used and to find out
the optimum level of each factor for maximum antibacterial
activity (zone of inhibition). In order to understand the inter-
action behavior of parameters, the response surfaces were
Fig. 1 e Effect of varying pH values on the antimicrobial activity of E. tereticornis leaf extract against test organism E. coli.
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factors constant. It was observed that the extracts showed
considerable activity against E. coli, and showed different
zones of inhibition whichwere found to be proportional to the
extract (Fig. 3). Similar trend in zones of inhibition by using
different concentration of plant extract was also recorded by
Mohammed, Mohammad, Mohammad, and Mohsinul (2012).
The potential of E. tereticornis extract to inhibit the growth of
gram negative bacteria corroborates with previous reports of
the antibacterial activity of other Eucalyptus species (Delaquis,
Stanich, Girard, & Mazza, 2002; Sartorelli et al., 2007;
Tuberoso, Barra, Angioni, Sarritzu, & Pirisi, 2006; Zgoda &Porter, 2001). Methanol and ethanol extracts of E. tereticornis
show a maximum zone of inhibition (7 mm diameter) against
Pseudomonas (Bachheti, Joshi, & Singh, 2011). Methanol ex-
tracts of Eucalyptus globulus displayed potential antimicrobial
efficiency (zone inhibition; 10e20 mm) against four Gram-
negative and nine Gram-positive bacterial strains including
P. aeruginosa and Staphylococcus species (Rakotonirainy &
Lavedrine, 2005). Similarly, Maji et al. (2010) reported that
multi-drug resistant clinically isolated human pathogens like
E. coli (MDR), Klebsiella pneumoniae, S. aureus (MDR), Bacillus
cereus,Vibrio cholerae, and C. albicanswere highly susceptible to
aqueous, benzene and acetonic extracts of eight different
Fig. 2 e Effect of temperature on the antimicrobial activity of E. tereticornis leaf extract against test organism E. coli.
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extracts of Eucalyptus camaldulensis exhibited greater activity
against Klebsiella sp. (15e16 mm) than P. aeruginosa and S.
aureus (13e14 mm) (Alma et al., 2004).
It has been demonstrated that gram positive bacteria are
generally more susceptible to many antimicrobial substances
including antibiotics as compared to gram negative bacterial
(Palombo & Semple, 2001) that might be attributed to the
protection provided by gram negative bacterial cell wall outer
membrane (Serafino et al., 2008). The uptake of the Eucalyptus
extract by Gram negative bacteria (E. coli) is probably affected
by the tough outer membrane (Fawad et al., 2012). Thepresence of high concentration of polyphenols i.e., tannins,
steroids, alkaloids, flavinoids and terpenoids components in
E. tereticornis extracts are known to possess antibacterial
characteristics (Alma et al., 2004; Sartorelli et al., 2007). In
accordance to our study, Acharyya, Patra, and Bag (2009)
described that high quantity of phenolics (41.9 mg/g) and fla-
vanoid (3.0 mg/g) in Albizia lebbeck act as strong antimicrobial
agent against multi-drug resistant V. cholerae. E. officinalis, a
traditional ayurvedic herbal formulation, possess huge
quantity of phenolics (about 8000 mg/g) and showed significant
antimicrobial efficacy against several bacterial isolates
(Srikumar et al., 2007). Durga, Karthikumar, and Jegatheesan
Fig. 3 e Response surface plots showing the interactive effects of plant leaf extracts on the antimicrobial activity against E.
coli (A) Limonene vs 1, 8 Cineole, (B) Limonene vs Terpinen-4-ol and (C) 1, 8 Cineole vs Terpinen-4-ol.
Fig. 4 e Response surface plots showing the interactive effects of plant leaf extracts and pH on the antimicrobial activity
against E. coli (A) Limonene vs pH, (B) Terpinen-4-ol vs pH, (C) 1, 8 Cineole vs pH.
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Fig. 5 e Response surface plots showing the interactive effects of plant leaf extracts and temperature on the antimicrobial
activity against E. coli (A) Limonene vs temperature, (B) Terpinen-4-ol vs temperature, (C) 1, 8 Cineole vs temperature.
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basilicum ethanolic extract (200e600 ng/mL) against pathogenic
bacteria. The present study and earlier evidences clearly
highlighted the antimicrobial potentiality of medicinal plants
which in-turn depends on microbial strain and dose, topo-
graphical location, developmental stage, and biochemical
compositions of plants.
Although, the exact mechanism of action of medicinal
plant constituents is not yet fully explored; it is expected that
efficacy of plant extracts largely depends on the type of sol-
vent used. As compared to aqueous extracts, the organic ex-
tracts provided more potent antimicrobial activity. This
observation clearly demonstrates that the presence of non-
polar residues in the plant extracts had higher bactericidal
as well as bacteriostatic potentialities. In agreement to this
finding, Cowan (1999) emphasized that most of the com-
pounds identified in plants with antimicrobial potential are
aromatic and/or saturated organicmolecules which can easily
be solubilized in organic solvents.
3.3. Effect of pH
pH is very important parameter for antimicrobial action, and
it strongly effects on zones of inhibition (mm) produced by
plants extract. The results indicated that at varying pH values
(pH 5.0, 6.0, 7.0, and 8.0), the antimicrobial potential of the leaf
extract was significantly (P-value < 0.05) affected compared
with the extract without pH buffer [Fig. 1 and response surface
plots in Fig. 4(A, B, C)]. Similar to our study, Doughari (2007)
demonstrated that the antibacterial activity of ethanolic ex-
tracts of Balanites aegiptica and Moringa oleifera declined whenthe pH was changed from acidic towards alkalinity (pH
8.0e10.0). In another study, Durairaj, Srinivasan, and
Lakshmanaperumalsamy (2009) observed similar trend of
antimicrobial potency of Allium sativum extract that was
significantly altered by increasing or decreasing the pH values.
Contrarily, Mahfuzul Hoque, Bari, Inatsu, Juneja, and
Kawamoto (2007) reported that altering pH values exerts no
significant effect on the antimicrobial activities of Guava and
Neem extracts against S. aureus and Listeria monocytogenes.
Similar observation reporting no significant (P > 0.05) changes
in the antimicrobial activities of ethanolic extracts of Ficus
sycomorus and Ficus platyphylla against the test organisms at
different pH values was also found by Adeshina, Okeke,
Onwuegbuchulam, and Ehinmidu (2009).
3.4. Effect of temperature
The effect of temperature on antimicrobial potential of plant
leaf extract revealed that the antimicrobial activity (zone of
inhibition, mm) remained relatively unaffected (P-
value> 0.05) at various temperatures of 35, 37.5, 40, and 42.5 C
[Fig. 2 and response surface plots in Fig. 5(AeC)], suggesting
that antimicrobial active chemical constituents of E. ter-
eticornis plants extract were heat stable. This finding empha-
sized that the plant extracts could be exploited at higher
temperatures without affecting the activity. In agreement to
our study, Doughari (2007) reported that antibacterial poten-
tial of ethanolic extracts of B. aegiptica andM. oleifera remained
significantly unaffected. Mahfuzul Hoque et al. (2007) also
stated that altering temperature values have no significant
effect on the antimicrobial activities of Guava and Neem
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Adeshina et al. (2009) specified that there were no significant
(P > 0.05) changes in the antimicrobial activities of the etha-
nolic extracts of F. sycomorus and F. platyphylla against mi-
crobes at different temperatures. The extract of Moringa
oleifera was recorded to be more effective under low and/or
moderate temperature conditions. At elevated temperature,
the antibacterial compounds, being protein in naturemight be
degraded and resultantly, activity is lost (Adeshina et al.,
2009).
The extensive range of Gram negative bacterial suscepti-
bilities suggests the potentiality of E. tereticornis extract for
medicinal purposes as well as food additives to prevent
spoilage. Nevertheless, further studies, particular toxicity
analysis are needed to assess the feasibility of extracts for
therapeutic applications to be utilized as antiseptic agents and
as a food additive. With an increasing public awareness of
“green issues”, plant extracts and essential oils, including
those from Eucalyptus, offer a more eco-friendly and safe
alternative to conventional formulations in a number of sec-
tors where antimicrobial activity is desirable.4. Conclusions
The antimicrobial activity of E. tereticornis leaf extracts against
E. coli was investigated and process variables were optimized
using RSM under CCD statistical design. From study, it can be
concluded that E. tereticornis extracts exhibited profound
antimicrobial potential (zones of inhibition,mm) against E. coli
at pH 7.0 and 40 C. The present investigations together with
previous studies suggest that this plant leaf extract can be
effectively used against multi-drug resistant microbial strains
causing severe infectious diseases. Further, comprehensive
studies and clinical trials would be needed to justify and
appraise the potential of extract as an antimicrobial agent in
topical or oral applications.
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